Optimal feeding of field-grown plants is thought to be a key factor modifying their growth and development. Natural biostimulants, foliar fertilizers and plant growth regulators have been applied in horticultural production; however, their effect varies depending on the plant species treated, and those have been mainly cucumber, tomato, pepper, potato, and melon. The aim of the study was to evaluate the effect of preparations produced through nanotechnology on the yield and fruit quality of sweet pepper grown under cover. The experiment comprised plants grown in three different combinations: combination I (plants treated with 2 kg ha -1 Nano Active); combination II (plants treated with 1% Nano Active Forte + 4 kg ha -1 Nano Active Forte + 2 kg ha -1 Nano Active, a single treatment carried out at the initial stage of fruit formation); and combination III (the control, where all plants were sprayed with water).
INTRODUCTION
Modern green production tries to satisfy the stillgrowing demands of markets in terms of yield quality and quantity as well as to ensure the undisturbed availability of the produce. Therefore, it consequently turns to any methods enhancing yield values. Natural biostimulants (Paradiković et al., 2011) , foliar fertilizers (del Amor et al., 2009 ) and plant growth regulators (PGRs) have been used to improve horticultural products with different results and have been limited mainly to such plant species as tomato, pepper, cucumber, potato, onion, pea and melon (Pérez-Jiméneza et al., 2015) .
A number of substances with stimulating and fertilizing properties have been registered as organic/mineral fertilizers and some as biostimulants. Such preparations can be obtained using a variety of production technologies. Nowadays, foliar preparations can be produced using nanotechnology -the manipulation of matter at the nanoscale (about 1 to 100 nanometers). In the nano-mills, mineral particles collide at a speed that exceeds the speed of sound, so that their surface becomes extremely porous. The surface area of 1 g of a nanofertilizer is 4 m 2 . In this way, particles of a size measured in nanometers are activated. Thanks to the unique mechanism of nutrient activity, plants can be provided with much more nutrients than by the previously known foliar formulas (Veronica et al., 2015) By facilitating the absorption and transport of nutritional macro-and microelements, foliar fertilizers cause increased root and shoot growth, increased resistance to stress and increased water uptake, which in consequence minimizes transplant shock (Vernieri et al., 2006; Tuteja, 2007) . Biostimulants can reduce fertilizer use, improve yields, increase resistance to water and temperature stresses, and positively affect plant growth and physiology (Ertani et al., 2014) . The multiple functions of biostimulants such as nutritional and general biostimulating effects, specific anti-stress action and plant growth regulation have triggered many studies focused on investigating such effects on crops (Vinković et al., 2007; Mora et al., 2010) .
In Poland, the field cultivation of sweet pepper for fresh vegetable marketing as well as for processing has recently gained economic importance (Buczkowska et al., 2016) . Sweet pepper is a rich source of vitamin C (ascorbic acid); it also contains pro-vitamin A (carotene) in healthy amounts, calcium, antioxidants and vitamin E (Ramana-Rao et al., 2011) . The levels of these compounds are modified by growing conditions and depend on the genotype and fruit maturity (Buczkowska et al., 2016) . Research conducted by Tantawy et al. (2015) and Fariba et al. (2016) indicates that the application of nanofertilizers has a positive effect on the quality of the pepper fruit during storage and marketing, and is more effective and efficient in mitigating salinity stress on sweet pepper plants.
Breeding focused on retaining antioxidant compounds in fresh fruits and vegetables has important health-related implications. The potential of antioxidants in the prevention of numerous chronic diseases, such as certain types of cancer, cardiovascular disease, stroke, atherosclerosis and cataracts has long been recognized and valued (Paradiković et al., 2010) .
The aim of the study was to evaluate the effects of preparations produced through nanotechnology on the yield and fruit quality of sweet pepper grown under cover.
MATERIAL AND METHODS
The experiment involved the pepper (Capsicum annuum L.) cultivar Yecla F 1 from Syngenta Seeds Company Poland and foliar fertilizers: Nano Active MgO CaO (Fe) (Mn) (Zn) 4/36/0.02/0.01/0.002 and Nano Active Forte from Chemirol Company Poland. Nano Active Forte is Nano Active supplemented with N and K in a ratio of 10:13.
The experiment was carried out during three consecutive years, i.e. 2014-2016, in Before setting up the experiment, appropriate mineral fertilization, in the form of the fertilizer Makro Mis 4: NPK(Mg) 7.5/15/15(4.5) (Intermag, Poland), 4 kg per 180 m 2 , had been carried out based on the soil chemical analysis. Seeds had been sown by hand into multipots filled with peat substrate in a greenhouse under controlled conditions of temperature, substrate moisture and air humidity, and then transplanted into an unheated polytunnel (Tab. 1). The experiment comprised plants grown in three different combinations: combination I (plants sprayed three times with 2 kg ha -1 Nano Active -before the blossoming, at the early stage of fruit formation, 7-10 days before harvest); combination II (plants sprayed with 1% Nano Active Forte -7 days before the seedlings were planted + 4 kg ha -1 Nano Active Forte -14 days after the seedlings were planted + 2 kg ha -1 Nano Active at the early stage of fruit formation); combination III (the control, where all plants were sprayed with water). Split-plot experimental design was involved, with four replicates, each consisting of 14 plants spaced at 50 × 30 cm. Fertigation of the plants with Solinure 9 NPK(Mg) 10/5/39(2)TE 0.5% nutrient started 14 days after planting and was repeated every second week until the end of cultivation. Plant-care procedures were performed throughout the whole growing season (Tab. 1). Sweet pepper fruits were collected when fully coloured or at a breaker stage into separate crates corresponding to the particular replicate. After the harvest, the fruits were counted and weighed, and the total yield and marketable yield (uniform healthy fruits, no mechanical damage) were determined.
The fruit quality evaluation consisted of dry matter determination at 104ºC, total sugars measured with the Luffa-Schoorla method, soluble solids determined by the Brix refractometric method, vitamin C content using the Tillman method (Charłampowicz, 1966) ; carotenoids were determined by the flow method at a wavelength of 450 nm; and the levels of basic macro-components: NO 3 by the flow method at a wavelength of 560 nm, P by the spectrophotometric method at a wavelength of 460 nm, and K and Ca by the flame method using a flame photometer (Nowosielski, 1988) .
Each year, statistical analysis was performed with one-way analysis of variance. The data was subsequently evaluated using the analysis of variance. Detailed comparison of means was performed by Tukey's test at the significance level of p = 0.05.
RESULTS AND DISCUSSION
The pepper plants examined showed normal growth and development. They did not exhibit any symptoms of nutrient deficiency or toxicity. Significantly greater total and marketable fruit yield was given by the plants treated with the preparations Nano Active and Nano Active Forte (combination II) compared to the other combinations. Significantly lower yield was obtained when plants were treated only with Nano Active or water (the control) (Tab. 2). The results are consistent with those Hassan et al. (2011) and Shafeek et al. (2014) , spraying with both Fe and Zn in different forms and at different rates gave significant increases in total fruit yield and in Fe, Zn and K uptake by different plants.
The role of these nutrients in metabolic processes has been studied by many authors (Hatwar et al., 2003; Shahean et al., 2007; Savitha, 2008) , who showed that the application of some minerals as foliar spray caused an enhancement in plant growth and fruit yield. In the same respect, Bhatt et al. (2004) investigated the effect of foliar application of micronutrients on the yield and economics of tomato. They concluded that foliar application of iron resulted in a significant improvement in yield per ha, which might be attributed to increased photosynthetic activity and increased production and accumulation of carbohydrates.
The quality of sweet pepper fruits was evaluated at full bearing and was based on the share of dry matter in the fruits and the concentrations of total sugars, vitamin C, carotenoids and macro components. The share of dry matter and soluble solids in the fruits (Tab. 3) significantly depended on the number of treatments applied. Higher values of dry matter and soluble solids were recorded in the fruits of plants sprayed with Nano Active Forte (combination II) as compared with Nano Active (combination I) and the control. The obtained results appeared similar when compared with relevant findings for sweet pepper fruits reported by other authors (Kowalska and Sady, 2012; Michałojć and Dzida, 2012) . Water or dry matter content in vegetables fluctuates greatly in response to various factors. Dry matter content in pepper fruits does not only depend on ontogenetic and genetic factors but also on agricultural factors (Yang et al., 2012) . It is worth mentioning that increasing the level of Table 3 nutrition through foliar spraying (Nano Active and Nano Active Forte) caused an enhancement in the nutritional value of fruit tissues expressed as the higher percentage of dry matter. This means that foliar application in combination II resulted in higher nutritional values when compared with the other level and control treatment. The pepper fruit is a good source of total sugars. The concentration of these components appears to be unaffected by the levels of macronutrients (Flores et al., 2004) . However, the percentage of total sugars and reducing sugars in pepper fruits have been found to respond positively to the treatment with calcium foliar sprays (Michałojć and Dzida, 2012) . In the present research, the percentage of total sugars in the fruits from the plants treated with Nano Active Forte (combination II) and from the control combination was significantly higher in comparison with the fruits from the plants treated with Nano Active (combination I) (Tab. 3). The amounts of total sugars found in the fruits analyzed in this study were on a level similar to those obtained by other researchers (Buczkowska and Michałojć, 2012; Michałojć and Dzida, 2012) , which suggests involvement of some extra-genetic factors in such a variation. According to the above, the chemical contents of sweet pepper fruits showed high fluctuations and those were related to the foliar application of the preparations.
The quality of pepper fruits is defined mainly by the concentrations of vitamin C and carotenoids, the former being a particularly valuable nutrient due to its diverse biological activity in the human body (Hacişevki, 2009) . Kim et al. (2011) found the concentrations of capsanthin and vitamin C in pepper fruits as highly correlated with the pepper's antioxidant activity. The present study shows a direct positive effect of the preparations and the number of treatments on the accumulation of this compound. Fruits produced by the plants treated with Nano Active Forte had a significantly higher vitamin C content than those from the plants treated with Nano Active and from the control (Tab. 3). Some papers have reported the influence of foliar feeding on the concentration of vitamin C. Batra et al. (2006) and Savitha (2008) reported that foliar application of iron at 40, 50 and 60 days after transplanting resulted in a significant improvement in ascorbic acid content in tomato fruits. The most probable reason for the increased vitamin C content might be the increase in the activity of ascorbic acid oxidase enzyme responsible for marked improvements in vitamin C content. Table 3 Pepper fruits are a rich source of carotenoids, valued for their antioxidant and antiphlogistic activities (Kim et al., 2011) . The fruits harvested from the plants treated with Nano Active Forte (combination II) and Nano Active (combination I) contained significantly more carotenoids than the fruits produced by the plants from the control combination (Tab. 3). Some previous studies had indicated a noticeable effect of foliar fertilizer applications on the concentration of lycopene and β-carotene in tomato (Kazemi, 2014) and pepper fruits from greenhouse cultivation (Flores et al., 2004) . Tamilselvi et al. (2002) observed an increase in the concentration of ascorbic acid and lycopene after the application of micronutrients.
No significant influence of the number of treatments on the concentration of nitrates in sweet pepper fruits was shown. However, in 2015 a higher nitrates content in fruits was determined irrespective of the combination. This could have been influenced by many cultivation factors, but the concentration of nitrates was still at a very low level without significantly affecting the quality of the fruit (Tab. 4). The concentrations of nitrates determined in the tested fruits were at a level comparable with the results from previous studies (Jadczak et at., 2010; Buczkowska and Michałojć, 2012; Berova et al., 2013) .
The present research indicated a significant inf luence of foliar fertilizers on phosphorus accumulation in sweet pepper fruits. Significantly higher concentrations of phosphorus were found in the fruits of the plants treated with Nano Active Forte (combination II) and Nano Active (combination I) as compared to the control combination (Tab. 4). Our results are consistent with those published by Zaki et al. (2013) .
Significant differences between the combinations were recorded in terms of potassium content. On average, a significantly higher potassium content was recorded in the pepper fruits from the plants treated with Nano Active Forte (combination II) compared to the other combinations (Tab. 4). Similar concentrations of potassium in pepper fruits have been observed by several authors (Jadczak et al., 2010; Paradikovič et al., 2013; Zaki et al., 2013; Buczkowska et al., 2014) .
No significant differences were found in calcium content in the fruits from the different experimental combinations (Tab. 4). Comparable calcium levels in pepper fruits had been recorded by Buczkowska and Michałojć (2012) and Kowalska and Sady (2012) , whereas higher levels of calcium in pepper fruits were recorded by other authors such as Jadczak et. al. (2010) , Paradikovič et al. (2013) , Zaki et al. (2013) .
CONCLUSIONS
1. The Nano Active Forte foliar treatment of sweet pepper plants significantly increased the fruit yield in polytunnel cultivation.
2. Supplementation with foliar fertilizers modified the chemical composition of fruit. Application of the Nano Active Forte preparation led to an increase in dry matter content as well as in the concentration of total sugars, vitamin C and carotenoids.
3. Applications of Nano Active Forte and Nano Active enhanced the potassium and phosphorus contents, while the concentration of nitrates and calcium remained at the same level regardless of the preparation used.
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